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We study single top quark prodution at the HERA and THERA olliders as oming from the
FCNC verties tγ and tZ that appear at one loop level in Topolor-assisted tehniolor models
(TC2). In ontrast with previous expetations, we nd that the prodution ross setion is of order
10
−6
pb for HERA and 10
−4
pb for THERA (even lower that the SM predition). Therefore, none
of the two olliders are apable to probe the pseudosalar top-pion or the salar top-higgs predited
in TC2 models via single top prodution.
PACS numbers: 14.80.-j;14.65.Ha;12.60.Nz
1. Introdution
There has been an inreased interest in studying forbidden or highly suppresed proesses as they beome an ideal
site to searh for new physis lying beyond the Standard Model (SM). In partiular, it is expeted that if there is any
new physis assoiated with the mas generation mehanism, it may be more apparent in the top quark interations
than in the all the lighter fermions[1℄. Along this line, it has been suggested that t-hannel single top prodution ould
be rather sensitive to the non-SM avor hanging neutral oupling (FCNC) verties tcγ(Z)[2, 3℄. While in general,
vetor and salar FCNC verties are very suppresed by the GIM mehanism in the SM, some extensions of the SM an
generate some of them at the tree level[4℄. This is the ase of top-olor assisted tehniolor (TC2), where a omposite
tt¯ salar (and a pseudo-salar) appears as a result of a strong interation and an give rise to sizeable FCNC tch0t
(tcπ0t ) ouplings[5℄. Then, at the one loop level, these ouplings an give rise to eetive tcV ouplings (V = γ, Z).
In partiular, the pseudo-salar avor diagonal and the avor hanging ouplings that are relevant for the TC2
predition of single top quark prodution are[5, 6℄:
mt(1 − ǫ)√
2Ft
√
v2W − F 2t
vW
it¯γ5tπ0t
mt√
2Ft
√
v2W − F 2t
vW
iktcURk
tt∗
UL t¯LcRπ
0
t , (1)
where Ft ∼ 50GeV is the top-pion deay onstant, vW = v/
√
2, and the kU terms ome from the diagonalization of
the up and down quark matries. Their numerial values are kttUL ∼ 1 and ktcUR ≤
√
2ǫ− ǫ2, with 0.03 ≤ ǫ ≤ 0.1 a
free parameter. There are also ouplings involving the salar top-higgs h0t , and their eet on the prodution of single
top at HERA is similar to that of the top-pion. In order to simplify our disussion we will not onsider them in this
work. Notie that in this model the avor hanging salar oupling only involves the right handed omponent of the
harm quark[6℄.
Reently, it was suggested that the neutral pseudo-salar top-pion π0t (or the neutral salar top-higgs h
0
t ) ontribution
to the single top quark prodution ross setion σ(ec → et) ould be signiant, of order 1-6 pb, at the HERA and
THERA olliders for a top-pion mass mpi between 200 and 400 GeV[7℄.
In the present letter, we re-examine this possibility and we nd that the ross setion due to the top-pion is rather
of order muh less than 1 fb. In fat, the ontribution of the top-pion (or the top-higgs) is muh smaller the SM
ontribution whih is of order less than 1 fb and is not observable at HERA [8, 9℄. Unfortunately, none of these two
olliders HERA and THERA are thus apable to probe the TC2 salar partiles through single top prodution.
2. The FCNC single top prodution at HERA
We onsider the tree level FCNC proess
e(K1) + c(P1) → e(K2) + t(P2) (2)
where momentum onservation ditatesK1+P1 = K2+P2, and the Mandelstam variables are dened as sˆ = (K1+P1)
2
,
t = (P2 − P1)2 and u = (P2 −K1)2. In this work, we take the top quark mass mt = 175GeV and the harm quark as
2massless. We also neglet terms proportional to the eletron mass me in the dierential ross setion. However, we
will use me = 0.5MeV for the upper and lower limits of the Mandelstam variable t in the phase spae integral. This
is done in order to avoid the divergene that appears when the exhanged photon goes on-shell (t = q2 = 0)[9℄. The
lower and upper limits for sˆ = xS are m2t ≤ sˆ ≤ S. S is the C.M. energy of the ollider: S = 320GeV for HERA and
S = 1TeV for THERA.
Through a series of loop diagrams the FCNC tπ0t vertex gives rise to eetive tV verties, with V=γ,Z. These
diagrams have been alulated and their results given in terms of the following general eetive tV ouplings[7℄:
Λµ
V t¯c
= ie
(
γµ(F1V + F2V γ
5)− Pµ2 (F3V + F4V γ5) + Pµ1 (F5V + F6V γ5)
)
. (3)
(In the notation of [7℄ P1 = Pc and P2 = −Pt.) The F oeients are given in Ref.[7℄. We have omputed them
and have found agreement, exept for the fat that the left handed omponent of the  quark annot partiipate in
the tγ vertex. The reason for this is that it is only the right handed omponent of the  quark that appears in the
tπ0t vertex, whih gives rise to tγ. Nevertheless, this orretion does not hange in any way the fat that the ross
setion for single top prodution turns out to be negligible for our TC2 model.
3. General tγ vertex with urrent onservation
For this t-hannel proess it is well known that HERA will get the bulk of the prodution ross setion from the
region where the momentum transfer is very small and the exhanged photon is quasi-real[9℄. The ontribution from Z
exhange is several orders of magnitude smaller. In fat, the experimental situation is suh that the sattered positron
usually esapes through the rear beam pipe, and events with Q2 greater than 1GeV2 are rejeted[10℄. The reason for
this is beause the photon propagator tends to innity in the limit q2 → 0, and the phase spae integration must be
done arefuly. In partiular, the eetive tcγ ouplings of Eq. (3) are not the most onvenient to work with. It turns
out that the oeient F1 is dierent from zero in the on-shell limit t = q
2 = 0 (see Eq. (5) below). This means
that if taken isolated (disregarding the interferene with F3 and F5) its ontribution to the ross setion diverges very
rapidly. Indeed, the ontribution of the other oeients F3 and F5 will also diverge, but in suh a way as to anel
out the ontribution from F1. Unlike the strategy followed by Ref. [7℄, we will not use the oupling in the form of
Eq. (3). Instead, we will perform a Gordon deomposition to transform it into a more suitable form; one that has no
suh big anellations.
With the bulk of the ontribution oming from a quasi real photon we should bear in mind that eletromagneti
vetor urrent onservation implies that the oupling t¯γµc must vanish when the photon goes on shell[11℄. In order to
make this apparent, we take the tcγ oupling of Eq. (3) and hange it from the (γµ, Pµ1 , P
µ
2 ) basis to the (γ
µ
, σµνqν ,
qµ) basis[11℄. We re-write Eq. (3) through a Gordon deomposition:
Λµ
V t¯c
= ie
(
γµ(VV −AV γ5) + iσµνqν(F7V + F8V γ5) + qµ(F9V + F10V γ5)
)
(4)
where q = P2 − P1 is the momentum of the exhange photon (or Z), and with the new oeients given by
V = F1 +mt
F5 − F3
2
A = F2 +mt
F6 − F4
2
F7 =
F3 − F5
2
F8 =
F4 − F6
2
F9 = −
F3 + F5
2
F10 = −
F4 + F6
2
Based on the results of Ref.[7℄ we an make a numerial alulation of the oeients dened above. First, let us
see the values of F3−5 for a top-pion mass mpi = 200GeV and for q
2 = 0:
F1γ = −6.918× 10−3f(ǫ) (5)
mtF3γ = −4.1198× 10−3f(ǫ)
mtF5γ = 9.7162× 10−3f(ǫ).
3Here, we have separated the fator f(ǫ) = (1− ǫ)
√
2ǫ− ǫ2 that gives the dependene on ǫ. The anellation in Eq. (4)
an be easily veried. For q2 small but not zero we have that Vγ(Z) varies linearly with t = q
2
. Nevertheless, all the
other form fators remain nearly onstant for small and even greater (than 1 GeV
2
) values of t. As mentioned before,
the fat that Vγ is diretly proportional to q
2
is expeted from eletromagneti urrent onservation[11℄. To illustrate
this point and to see that the dominant ontribuion omes from the magneti transition oeient F7γ , let us now
note the numerial values of Vγ , F7γ and F9γ for a top-pion mass mpi = 200GeV and for −q2 ≤ 1GeV2:
Vγ = 1.6× 10−3 ×
t
m2t
× f(ǫ) (6)
mtF7γ = −6.9× 10−3 × f(ǫ)
mtF9γ = −2.8× 10−3f(ǫ)
Beause Vγ is proportional to t = q
2
its ontribution to the ross setion will not diverge in the q2 = 0 limit. This
is not quite the ase for F7 and F9; for them there is still a divergent behaviour, although this time it is only a
logarithmi one. On the other hand, the F9 t¯q
µc oupling ontribution is proportional to the eletron mass, and it is
therefore muh smaller than that of F7.
The oeients for tZ are of similar values, even though their ontribution is very small we have inluded them in
our numerial results shown in Figs. (1) and (2).
4. Disussion and results
The dierential ross setion ontribution from photon exhange, disregarding terms proportional to the eletron
mass, is given by[12℄:
dσ
dt
=
2πα2
sˆ2
Mγ
t2
(7)
Mγ = F
2
7γ t
[
2sˆ(m2t − sˆ)−m4t − t(2sˆ−m2t )
]
As mentioned in Ref.[12℄ the bulk of the ross setion is given by the photon exhange diagram (Mγ). This is beause
of its logarithmi divergent behavior that is taken under ontrol with the eletron mass. However, our numerial
results inlude the (negligible) ontribution from Z exhange.
The total ross setion is given by:
σ =
∫ 1
xmin
dx φ(x)
∫ tmax
tmin
dt
dσ
dt
with φ(x) the harm quark PDF and xmin = (mt +me)
2/S the minimum value of x. The C.M. energy of the ollider
is S = 320GeV for HERA and S = 1TeV for THERA.
The limits for t = −Q2 are:
tmin(max) =
m4t
4sˆ
− (k1cm ± k2cm)2 (8)
k1cm =
√
(sˆ+m2e)
2
4sˆ
−m2e
k2cm =
√
(sˆ+m2e −m2t )2
4sˆ
−m2e
We have evaluated the total ross setion with the CTEQ6M PDF[13℄, running at a xed sale µ = mt. We have
also run φ(x) with the energy sale and have seen no signiant hange.
In Figure (1) we show the prodution ross setion for the proess ec→ et oming from the FCNC verties tγ and
tZ. For a mpi = 200GeV and ǫ = 0.08 we obtain a tiny ross setion σ = 0.5×10−6 pb, whih is even smaller than the
SM ontribution to single top prodution. As mentioned before, the dominant ontribution omes from the photon
diagram so that σ is proportional to F 27γ . We an ompare with Ref [12℄, when they take κγ = 0.1 for ec → et at
HERA they obtain a very small ross setion of order 0.002pb inluding NNLO QCD orretions. They instead prefer
to disuss eu → et beause of the small sea harm quark pdf density. In our model, the tuπ0t oupling is very small
and it will not generate a sizeable tuγ eetive vertex. Also, notie that in our notation we have mtF7γ = 2κγ . In
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Figure 1: Single top prodution ross setion from pi
0
t as a funtion of mpi for the HERA ollider.
Fig (1) we see that for ǫ = 0.08 and mpi = 200GeV the ross setion is 0.5× 10−6pb. This is four orders of magnitude
smaller than the ross setion of Ref. [12℄ beause in our ase mtF7γ = 0.0025 whih orresponds to κγ = 0.001 two
orders of magnitude smaller. This is only a rough omparison, as we do not inlude NNLO QCD orretions.
In gure (2) we show the prodution ross setion for the THERA ollider. It is 4-5 orders of magnitude greater
than the one obtained at HERA, but still too small for an experiment with estimated luminosity of 500 pb
−1
.
As a nal remark, let us ompare with the results of Ref. [7℄. There, the ross setion values are 6 orders of
magnitude greater. As mentioned before, the the ross setion in Ref. [7℄ was alulated from an eetive oupling
in the form of Eq. (3). This means that a very large anellation must take plae in the small q2 region, and any
standard numerial integration may not be able to handle this situation properly. Rather, the numerial integration is
likely to beome unstable for small t. Perhaps this is the reason why a (very large) ut in tmin(= −0.001GeV2) had to
be applied in their alulation. In this work, we have instead used the eetive oupling in the form of Eq. (4). This
new oupling does not indue the large anellations of the previous one. The numerial integration is stable, even in
the low t = q2 region. We use the limits given in Eq. (8), for whih t an reah small values of order t = −10−8 GeV2.
In onlusion, we have shown that neither HERA nor THERA an probe the eets of a top-pion (or top-higgs) of
TC2 models via single top quark prodution.
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Figure 2: Single top prodution ross setion from pi
0
t as a funtion of mpi for the THERA ollider.
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